Incubation of a strain of Escherichia coli K12 with 25 mM-methyl methanesulphonate (MMS) for 1 h changed the sedimentation coefficient of the nucleoids from 1600s to 850s. When isolated nucleoids were treated with MMS under identical conditions in vitro there was no change in the sedimentation coefficient. Alkaline sucrose-gradient centrifugation of DNA from cells treated with 25 mM-MMS for 1 h indicated that there were approximately 100 breaks plus apurinic sites per chromosome. Titration with ethidium bromide of nucleoids from MMS-treated cells showed that almost all supercoiling had been lost, suggesting that the breaks plus apurinic sites consisted mostly of breaks. Further experiments showed that the apurinic sites were probably created by non-enzymic depurination and that little non-enzymic strand breakage had occurred. The depurinated sites thus created could then serve as substrates for the apurinic-specific endonucleases of the cell, with the result that strand breakage occurred. MMS treatment did not cause any changes in the DNA : RNA ratio of the nucleoids. Removal of MMS followed by a period of incubation resulted in a decrease in the number of breaks plus apurinic sites and an increase in the sedimentation coefficient of the nucleoids. After 2 h incubation in MMS-free medium the sedimentation coefficient of the nucleoids from MMS-treated cells was the same as that of the control; the supercoiling was also partially restored.
The effect of MMS on two MMS-sensitive mutants of E. coli, one apolA and the other a recA mutant, was also studied. In both cases MMS caused complete collapse of the nucleoid structure.
I N T R O D U C T I O N
In bacteria the chromosome exists as a compact, supercoiled structure often termed a nucleoid (Pettijohn, 1976; Kleppe et al., 1979) . The nucleoid can be isolated free from cell envelope components and its properties studied in vitro (Stonington & Pettijohn, 197 1 ; Drlica & Worcel, 1975; Kavenoff & Bowen, 1976; Hecht et al., 1977) . The nucleoid structure is affected by the physiological conditions of the cell and by chemicals (Worcel & Burgi, 1972; Dworsky & Schaechter, 1973; Korch et al., 1976; Lydersen & Pettijohn, 1977; Drlica & Snyder, 1978; Kleppe & Lossius, 1978; 0vreb0 & Korch, 1978) . In order to gain a better understanding of the mechanism of action of mutagenic compounds as well as the structure of the nucleoid both in vivo and in vitro, we have studied the changes that take place in the nucleoid structure when cells are treated with various mutagenic agents (Kleppe & Lossius, 1978) . The present work deals with the effect of the monofunctional alkylating agent methyl methanesulphonate (MMS) on a mutant of Escherichia coli K 12 that has been used previously in studies of the nucleoid, and on two MMS-sensitive strains.
The main effect of MMS is to methylate the purine residues in DNA and RNA and amino acid residues in proteins (Lawley, 1966 (Lawley, , 1974 Rhaese & Freese, 1969 
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1970; Singer, 1975 Singer, , 1977 . The methylated bases in DNA are only slowly excised by repair enzymes. Non-enzymic depurination of methylated bases as well as specific strand cleavage are also known to occur (Singer, 1975) . Several mutants of E. cofi, such as those with mutations in pofA, recA, recB and re&, are particularly sensitive to MMS (HowardFlanders & Boyce, 1966; Gross & Gross, 1969; Bridges et af., 1973; Thielmann et al., 1975) . These mutants are also sensitive to U.V. light and y radiation and it is likely, therefore, that they are defective in some common steps in DNA repair. A mutant of E. cofi which is sensitive to MMS but only slightly sensitive to U.V. light has been reported by Ljungquist et af. (1 976) . It proved to be a double mutant with mutations in the pofA and the xthA genes, i.e. it is defective in both DNA polymerase I and an endonuclease specific for apurinic DNA. More recently, a new type of MMS-sensitive mutant not sensitive to U.V. light and y radiation has also been isolated (Yamamoto et al., 1978) . The function of the mutated gene is not known and it maps in a different position from the xthA gene. In the case of E. cofi K12 it has also been shown that the MMS-sensitivity of reef strains is to some extent dependent on the medium in which they are grown (Scudiro et af., 1973) . Cells grown in glucose-enriched nutrient broth medium were more resistant than cells grown in nutrient broth only.
The present work shows that treatment of E. cofi K12 with MMS results in marked changes in the nucleoid structure. In particular, loss of supercoiling (caused by the introduction of breaks into the DNA) was observed, the supercoiling being partially restored during incubation after the removal of MMS.
M E T H O D S
Chemicals and nucleic acids. Polyoxyethylene(20) cetyl ether (BriJ-58), ethidium bromide and egg white lysozyme (grade I, 46 360 units (mg protein)-'l were obtained froni Sigma. Sodium deoxycholate and MMS were purchased from Merck, and Sarkosyl NL-97 from Ciba-Geigy. Radiochemicals were obtained from The Radiochemical Centre, Amersham. AU other chemicals used were reagent grade. 3H-Labelled #X 174 RFI (specific activity 0.1 pCi pg-I, 3.7 kBq pg-') was a gift from I. F. Nes, Department of Biochemistry, University of Bergen, Norway (Nes & Nissen-Meyer, 1978) . I4C-Labelled phage T4 was prepared by the method of Eisenstark (1967) .
Bacterial strains. The following strains were used: Escherichia coli K12 DG75 (F-thy leu), E. coli K12 AB2463 (recA thr leu his argpro), and E. coli p3478 (F-thyA36 polA1) .
Growfh conditions. All strains were grown for 2 h at 37 "C in L-broth supplemented with 10 pg thymine ml-' and 2 mg glucose m1-l. Dilutions were then made into the minimal medium of Clark & M a a l~e (1967) . with the following additions (per ml): for E. coli K 12 DG75 (this leu), 1 pg thiamin, 5 pg thymidine and 80 pg L-leucine; for E. coli p3478 (thyA36 polAl), 1 pg thiamin and 5 pg thymine; for E. coli K 12 AB2463 ( r e d thr leu his argpro), I pg thiamin and 10 pg each of L-threonine, L-leucine, L-histidine, L-arginine and L-proline. After overnight growth at 37 "C, to an A450 of 0.4, the cells were used in the experiments. Viabilitjy after M M S treatment. Both control and MMS-treated cells were harvested by centrifugation at 7500 rev. min-' for 5 min in an HB-4 rotor using a Sorvall RC-5 centrifuge. Dilution series were made with minimal medium. Samples of 100 p.l were plated on 1.5% (w/v) agar containing the same medium and incubated for 24 h at 37 "C before counting.
Labelling. DNA was labelled with 1.0-30 pCi Imethyl-3Hlthymidine ml-' (47 Ci rnmol-I: 1.74 TBq mmol-I) for 5 min. The DNA in the MMS-treated cells was labelled before the addition of MMS. For simultaneous labelling of DNA and RNA, cells were treated with 7.5 pCi 15-3Hluracil ml-' (1 Ci mmol-I: 37 GBq mmol-') for two generations. In experiments to measure the rate of DNA synthesis. 1 ml samples were withdrawn at the times indicated and were pulse-labelled for 2 min with 0-3-1.25 pCi [mefhyl-3H]thymidine ml-' (47 Ci mmol-I). The number of methyl groups introduced into DNA by MMS was estimated using [methyl I4ClMMS (0.2 mCi mmol-I: 7.4 MBq mmol-I).
/ n uivo M M S treatment. MMS was added to an exponentially growing culture in the minimal medium of Clark & Maalrae (1967) . The cells were incubated at 37 "C, pH 7.0, and harvested by filtration on Millipore filters (RAWP 04700,0.45 pm). In experiments to measure viability, the cells were harvested by centrifugation.
In vilro M M S treatment of encelope-free nucleoids. Envelope-free nucleoids were isolated by sucrose-gradient centrifugation (see below). The fractions containing the 1500-1 700s nucleoids were treated with various concentrations of MMS at pH 7.0 and at 0, 10, 20 and 37 " C for 30 or 60 min. In addition to MMS, the incubation mixture contained 1 M-NaCI, 5 mM-EDTA and 10 mM-Tris pH 7.0.
Preparation of envelopefree nucleoids. Approximately 3 ml of an exponentially growing culture with an A450 of 0.4 was mixed with 3 ml of solution I (15 mM-NaN,, 25 mM-NaC1). The cells were harvested by centrifugation at 7500 rev. min-' for 5 min in an HB-4 rotor using a Sorvall RC-5 centrifuge. The pellet was resuspended in 400 p1 of ice-cold solution I1 (10 ~M -N~N , , 0.1 M-NaCl, 20% sucrose, 10 mM-Tris pH 8.2). A 200 pl portion of this suspension was gently mixed with 50 p1 of ice-cold solution I11 (4 mg egg white lysozyme ml-', 50 mM-EDTA, 0.12 M-Tris pH 8.2) and incubated for 10 rnin at 0 OC. A 250 p1 portion of ice-cold solution IV (2 M-NaCI, 10 mM-EDTA, 1 % Brij-58, 1 % Sarkosyl NL-97, 0.4% sodium deoxycholate) was then added and the mixture was incubated for 10 min at 20 "C. The lysate (400 pl) was slowly (0.8 ml min-') applied to a gradient of 10-30% (w/v) sucrose containing 1 M-NaCl, 5 mM-EDTA, 1 m~-2-mercaptoethanol and 10 mM-Tris pH 8.2. The gradient tubes were centrifuged at 10000 rev. min-' for 2 h at 4 "C either in an HB-4 rotor using a Sorvall RC-5 centrifuge or in an SW41 Ti rotor using a Beckman L2-65B centrifuge. The lysates were not pre-centrifuged to remove cell debris (Korch et al., 1976) . I4C-Labelled phage T4 was used as a marker. Approximately 30 fractions per gradient were collected by pumping out from the bottom of the gradient. The fractions were either subjected to cold trichloroacetic acid treatment, filtered on Gelman glass fibre filters (type A-E) and washed three times with cold trichloroacetic acid, or alternatively 100 p1 samples of each fraction were applied to Whatman 3MM filters. All filters were dried in a vacuum oven at 80 "C for 45 min and counted in 2.5 ml of a toluene-based scintillation fluid.
Determination of sedimentation coefjcients. Calibration of the 10-30% sucrose gradient system using phage T4 gave a linear correlation between R , value and sedimentation coefficient in the range from 500s to 2000s (Korch et al., 1976) . The sedimentation coefficients were not corrected for rotor speed effects (Hecht et al., 1977) .
Measurement of R N A co-sedimenting with the envelopefree nucleoids. Lysates were made from cells labelled with I 5-3H]uracil for two generations. Centrifugation and fractionation of the gradients were carried out as described above and the fractions were analysed for DNA and RNA according to Kennel (1967) .
Titration of supercoiling. Bacterial lysates were prepared as described above. Samples of 100 pl from the same lysate were applied to gradient tubes containing different concentrations of ethidium bromide. The gradient tubes were then centrifuged at 10000 rev. min-' for 2 h at 4 "C in an SW41 Ti rotor using a Beckman L2-65B centrifuge and fractionated as described above, and the sedimentation coefficient of the nucleoids was determined.
Determination of molecular weight of DNA by centrifugation in alkaline sucrose gradients. Lysates from MMS-treated and untreated cells were prepared as described above. Samples of 200 pl of the lysate were layered on to 5 ml gradients of 5-20% sucrose containing 0.3 M-NaOH, 1 M-NaC1 and 5 mM-EDTA. The gradients were centrifuged at 40000 rev. min-' for 80 rnin at 4 "C in an SW50-1 Ti rotor using a Spinco L-50 centrifuge. 4x174 RFI was used as an internal marker in all gradients. The molecular weights were calculated using the equation of Studier (1965) for alkaline single-stranded DNA. The number of single-strand breaks was estimated from the equation N = ( M o / M , ) -1, where N is the number of single-strand breaks, M , is the molecular weight of nicked DNA and M , is the molecular weight of non-nicked DNA.
Determination of the number of methvl groups introduced into DNA by MMS. The cells were grown in the presence of 25 ~M -~I~C I M M S (210 pCi mmol-') for 1 h at 37 "C. DNA, RNA and protein were separated according to Kennel ( 1967) , and the radioactivity in each fraction was determined.
Determination of the number of single-strand breaks plus apurinic sites in DNA after M M S treatment. 4X 174 RFI (0.64 pg ml-') labelled with [methyl-3Hlthymidine (0.1 pCi pg-') was incubated with 25 mM-MMS for 60 min at 37 "C in a buffer containing 10 mM-EDTA and 10 mM-Tris pH 7.6. Samples of 200 pl were applied to alkaline 5-20% sucrose gradients and centrifuged at 40000 rev. min-' for 4 h at 4 "C in an SW41 Ti rotor using a Beckman L2-65B centrifuge. The number of single-strand breaks plus apurinic sites was calculated according to Brent (1975) .
Determination of breaks due to non-enz-vmic hydrolysis of apurinic sites and triester breakage in MMS-treated 4x274 RFZ. 4x174 RFI was treated with MMS as described in the preceding section. Samples of 200 pl were applied to gradients of 5-20% sucrose containing 10 mM-EDTA and 10 mM-Tris pH 7.6 and centrifuged at 40000 rev. min-' for 7.5 h in an SW41 Ti rotor using a Beckman L2-65B centrifuge. The number of breaks was determined from the conversion of the RFI to the RFII form.
Transmission electron microscopy of E. coli. The bacteria were immediately chilled and fixed with glutaraldehyde and osmium tetroxide, then embedded and post-stained according to Kruger & Bloom (1974) . Thin sections were examined in a Philips EM300 electron microscope.
R E S U L T S

EfSect of MMS on growth and morphology of E. coli K12 DG75
Escherichia coli K12 DG75 was used for most of the experiments reported here since this strain has been employed extensively in other studies on nucleoids (Worcel & Burgi, 1975 ; Korch et al., 1976; 0vreba & Korch, 1978) . Prior to the nucleoid experiments it was necessary to investigate the influence of MMS on growth, survival and morphology of this strain. The rate of growth, as measured by the increase in the Asso, decreased approximately 50% in the presence of 10 mM-MMS, whereas 25 mM-MMS caused at least 90% inhibition. Plating for surviving bacteria showed that treatment with 25 mM-MMS for 1 h at 37 O C yielded approximately 2 % surviving cells. The corresponding number with 10 mM-MMS was approximately 20 %. The survival decreased linearly with time when plotted semilogarithmically. From these results it was concluded that E. coli K12 DG75 resembles other strains not sensitive to MMS (Lungquist et al., 1976) . The influence of MMS on DNA and RNA synthesis in E. coli K12 DG75 is shown in Fig. 1 . MMS at 25 mM caused almost complete inhibition of both DNA and RNA synthesis. The number of methylated bases in the DNA of E. coli K12 DG75 was measured using [14CIMMS. After incubation for 1 h with 25 mM-MMS, 50% of the radioactivity was found in the protein fraction, 4 1 % in RNA and 9 % in DNA. In the case of DNA it was established that approximately 0 . 6 % of the bases had been methylated.
Thin sections of E . coli K12 DG75 treated with MMS were examined by transmission electron microscopy. Some representative examples are shown in Fig. 2 . The nuclear areas are less visible in the MMS-treated cells compared with the control cells. Another characteristic feature of the MMS-treated cells is their loss of shape and septum formation and an increase in the periplasmic space, particularly evident at the ends of the cells. Examination of MMS-treated cells by phase-contrast microscopy showed that the nuclear zone in these cells became less visible with time (results not shown).
Effect of MMS on the sedimentation properties of envelope-free nucleoids
The banding pattern of envelope-free nucleoids isolated from untreated cells of E. coli K 12 DG75 showed a symmetrical peak with a sedimentation coefficient of approximately 1600s (Fig. 3a) . No change in the sedimentation coefficient was observed when the cells were treated with 25 mM-MMS for 30 min (Fig. 3 b) , but after 60 min the sedimentation coefficient had decreased to approximately 850s (Fig. 3 c) . With 10 mM-MMS there was no change in the sedimentation coefficient after 30 rnin treatment, but after 60 min it had decreased to approximately 1350s (results not shown).
Eflect of MMS on the bacterial nucleoid 163 The influence of MMS treatment on the sedimentation properties of isolated envelope-free nucleoids was also investigated. Treatment of isolated nucleoids with 25 mM-MMS for 30 or 60 min caused no change in the sedimentation coefficient (results not shown). Experiments were also carried out with two MMS-sensitive strains, E. coli p3478 O>olA) and E. coli K 12 AB2463 (recA). In both cases the nucleoids isolated from untreated cells had a sedimentation coefficient of approximately 1600s. When these strains were treated with MMS, the cell lysates became very viscous and no sharp nucleoid peak was observed. Results for thepolA strain are shown in Fig. 4 . Similar results were obtained with the recA strain.
Loss of supercoiling during M M S treatment
The marked change in the sedimentation coefficient of nucleoids that occurred when E. coli K12 DG75 was treated with MMS could be due to several factors, such as loss of R N A and therefore changes in the D N A : RNA ratio of the nucleoid, or nicking of D N A resulting in decreased supercoiling with a partial unfolding of the nucleoid. By labelling the nucleoid with [3Hluracil the amounts of D N A and RWA in the nucleoid could be estimated ( results show that the D N A : RNA ratio in the nucleoid was the same in the MMS-treated and in the control cells.
The amount of supercoiling in the nucleoid can be determined by titration with ethidium bromide (Worcel & Burgi, 1972) . Increasing concentrations of ethidium bromide were used in a set of sucrose gradient tubes, and for each concentration the sedimentation coefficient of the nucleoid was calculated. The result from one such experiment is shown in Fig. 5 . In the control a minimum sedimentation coefficient was observed at a concentration of ethidium bromide of approximately 2 pg ml-l. Above this concentration the sedimentation coefficient again increased and reached the initial value at a concentration of ethidium bromide of 4 p.g ml-'. The pattern obtained for the control is similar to that reported by other groups (Worcel & Burgi, 1972 ; 
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Bottom TOP Fraction no. An estimate of the number of breaks plus apurinic sites in the nucleoid from MMS-treated cells was obtained by carrying out alkaline sucrose-gradient centrifugations of nucleoid preparations (Fig. 6) . A near-symmetrical distribution in the size of DNA fragments was obtained for nucleoids from cells treated with 10 mM-MMS or with 25 mM-MMS. Based on molecular weight estimation it was calculated that the nucleoids from cells treated with 10 and 25 mM-MMS had, on average, 42 and 100 breaks plus apurinic sites per genome, respectively. In the case of the nucleoid from the polA strain treated with 25 mM-MMS (Fig.  4) , similar centrifugation experiments gave a value of approximately 300 breaks plus apurinic sites per genome.
To obtain an estimate of apurinic sites in the DNA caused by non-enzymic depurination, 3H-labelled #X 174 R F I was methylated in vitro, using the same methylating conditions as those used for E. coli cells in vivo. Figure 7 shows the results obtained when 4x174 R F I treated with 25 mM-MMS was subjected to alkaline and neutral sucrose-gradient centri- fugation. From the conversion of 4x174 R F I to 4x174 RFII it was estimated that 2.3 apurinic sites were formed per 4x174 R F I molecule. It could further be demonstrated that approximately 1.5% of the breaks in the 4 x 1 7 4 R F I molecule were introduced by non-enzymic hydrolysis at apurinic sites or by direct triester breakage. This corresponds to a non-enzymic introduction of 1.5 breaks in the E . coli genome after treatment with 25 mM-MMS for 1 h. Since the rate of methylation in vivo is known to be considerably slower than that in vitro (Thielman et al., 1975) , it is highly unlikely that non-enzymic strand breaking in the nucleoid occurs to any extent.
Repair of damage after MMS treatment Removal of MMS caused a large increase in the incorporation of thymidine (Fig. 8), suggesting that extensive repair synthesis took place. After 1 h the rate of incorporation had levelled off and was approximately half that prior to the MMS treatment. The sedimentation properties of the nucleoid after various periods allowed for repair were investigated; the results for 1 h and 2 h incubation periods are shown in Fig. 9 . After 1 h incubation in MMS-free medium an increase in sedimentation coefficient of the nucleoid from approximately 850s to 1350s was observed; after 2 h the sedimentation coefficient was the same as that of the control. This might suggest that increased folding of the nucleoid occurs during the repair period, i.e. the supercoiling was partially restored. Alkaline sucrose-gradient centrifugation showed that the number of breaks plus apurinic sites was reduced from 100 to the same level as in the control during a repair period of 2 h.
The isolated nucleoids from the cells in which repair had taken place were titrated with ethidium bromide to estimate supercoiling (Fig. 10) . For both the 1 h and 2 h samples, addition of increasing amounts of ethidium bromide produced a marked decrease in the sedimentation coefficient of the nucleoids. In the case of the 1 h sample a plateau was observed at 800s. With the 2 h sample a minimum was seen at a concentration of ethidium bromide of approximately 1.5 pg ml-', followed by a maximum at 2.5 pg ml-' and a plateau region of approximately 1300s. Since the sedimentation coefficient of the nucleoid and the number of breaks plus apurinic sites were the same for the 2 h sample as for the control, one would expect the ethidium bromide titration curve of this sample to be similar to that of the control. The reasons for the differences are not fully understood at present.
D I S C U S S I O N
The present results clearly demonstrate that the methylating agent MMS causes profound changes in the nucleoid structure of E. coli K 12 DG75 at concentrations which rapidly inhibit the growth of the cells.
It is known that MMS reacts fairly rapidly with biological macromolecules (Singer, 1975) . With 25 mM-MMS, changes in the nucleoid structure were first seen after 1 h. The same concentration of MMS caused almost immediate inhibition of growth. The decrease in sedimentation coefficient observed is probably caused by relaxation of supercoils in the nucleoid. Relaxation of supercoils has also been demonstrated in vitro after treatment with DNAase (Worcel & Burgi, 1972 ; . In the present case 25 mM-MMS gave an average of 100 breaks plus apurinic sites per genome after 1 h incubation in vivo. Models for the isolated nucleoid suggest that it consists of a number of independent loops which can be relaxed separately (see Kleppe et al., 1979) . Estimates of the number of loops have varied; the most recent study suggests a number of 100 k 30 (Lydersen & Pettijohn, 1977) . The average number of breaks plus apurinic sites created by 25 mM-MMS in 1 h is therefore about the same as the number of loops in the nucleoid. Furthermore, it is also approximately the same as that found in DNAase-treated nucleoids of similar sedimentation coefficient (Worcel & Burgi, 1972) . Therefore, it is likely that the breaks plus apurinic sites determined in this work in fact consist mostly of breaks. Relaxation of supercoils in the nucleoid leads to a loss of the tertiary structure and this would be in agreement with the light and electron microscope observations of MMS-treated cells.
The fact that no change in the sedimentation coefficient of the nucleoid was observed after short periods of MMS treatment, despite the fact that increasing numbers of breaks could be demonstrated, might suggest that the supercoils are partially restrained in vivo. An effect on the sedimentation coefficient would therefore first be observed only after a considerable number of breaks had been introduced. A similar conclusion has been reached by Pettijohn & Pfenninger (1979) using y rays to produce nicks in D N A in vivo.
A change in the amount of R N A in the nucleoid might, however, also explain the decrease in the sedimentation rate, since RNA is known to stabilize the isolated nucleoid ; Hecht & Pettijohn, 1976) . D N A and RNA analyses showed, however, that the DNA : RNA ratio remained unchanged during the MMS treatment.
The question must now be considered as to the mechanism of induction of breaks in the DNA strands of the nucleoid. An extensive review of repair mechanisms, dealing also with MMS, has recently been published (Roberts, 1978) . In addition to methylation of bases, MMS can cause both depurination and strand breakage (Laurence, Singer, 1975 ). It appears that in bacteria the methylated bases are not excised to any extent when MMS is used as a methylating agent (Prakash & Strauss, 1970) . With other methylating agents such as N-methyl-N'-nitro-N-nitrosoguanidine, excision of certain methylated products can be demonstrated (Lawley & Orr, 1970) . Studies with 4x174 RFI DNA in this work showed that apurinic sites were produced by incubation of the DNA with MMS. Apurinic sites could also have been created by the enzyme 3-methyl adenine glycosylase (Lindahl, 1976 ) and other glycosylases. The apurinic sites thus created could then serve as substrates for the apurinic specific endonucleases (AP endonucleases) of E. coli (Verly & Paquette, 1972; Radman, 1976 ; Ljungquist, 1977 ; Gates & Linn, 1977 ; Gossard & Verly, 1978) , resulting in strand breakage. The fact that MMS treatment in vitro of the isolated nucleoid caused no significant change in the sedimentation coefficient suggests that non-enzymic hydrolysis of apurinic sites is of little importance. Control experiments with 4x174 also confirmed this view.
In the two MMS-sensitive strains studied, the chromosome contained considerably more strand breaks after MMS treatment than that in the insensitive strain. This would then result in increased viscosity of the DNA and complete collapse of the tertiary structure of the nucleoid. DNA from such MMS-treated cells is known to be of relatively small molecular weight when examined in alkaline sucrose gradients (Boris et al., 1971) . This was also confirmed in the present work. Cell lethality might therefore, as previously suggested (Scudiro et al., 1973) , be a consequence of increased amounts of non-repaired breaks in the DNA. The destruction of the nucleoid structure which occurs as a result of the increased number of gaps in the DNA may also have far-reaching implications with regard to the control of important processes such as transcription, separation of chromosomes and DNA replication. Thus, for repair to be complete it must be assumed that the supercoiling, which is lost, must be introduced again into the chromosome so that the original nucleoid structure is restored.
Treatment of bacteria with MMS obviously affects other control mechanisms in the cell in addition to those connected with the chromosome. The methylation of, for example, membrane proteins and ribosomes is probably also of great importance with regard to growth inhibition (Singer, 1975) . The electron microscope results in this work revealed that MMS also caused alterations in the cell envelope. Further studies are needed to establish in more detail the influence of MMS on the various metabolic processes.
The mechanism of action of other methylating agents on the nucleoid structure might be different from that of MMS. Results from our laboratory (unpublished) have shown that mitomycin C at low concentrations causes rapid and profound changes in the tertiary structure of the nucleoid from E . coli.
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